Abstract A controlled ''green synthesis'' approach to synthesize silver nanoparticles by Allium cepa and Musa acuminata plant extract has been reported. The effect of different process parameters, such as pH, temperature and time, on synthesis of Ag nanoparticles from plant extracts has been highlighted. The work reports an easy approach to control the kinetics of interaction of metal ions with reducing agents, stabilized by ammonia to achieve sub-10 nm particles with narrow size distribution. The nanoparticles have been characterized by UV-Visible spectra and TEM analysis. Excellent antimicrobial activity at extremely low concentration of the nanoparticles was observed against Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis and Fusarium oxysporum which may allow their exploitation as a new generation nanoproduct in biomedical and agricultural applications.
Introduction
Nanomaterials are going radical due to their exceptional performance directing their application in everyday products such as water filters, cosmetics, packaging materials and coating over surfaces. Exposure to nanomaterials used in these products may lead to internalization of nanomaterials in our body. Nanomaterial synthesis is one of the promising fields which keeps on growing radically and many synthesis routes have been devised to achieve nanoscale materials. But, unfortunately most of these methods make use of toxic organic solvents which make the nanoparticles applicability almost impossible for human use. Although, conventional methods for synthesis of nanomaterials can make attainment of desired properties possible, but their toxicity may be compromised for it. Severe toxicity has been reported for various nanoparticles. Especially in biomedical, nanomaterials were designed for various applications such as fluorescent nanomaterials for disease diagnosis [1, 2] , tissue engineering [3] , bioimaging [4] , biosensors [5] and implants [6] . Exposure to toxic nanomaterials will have critical implications, due to which green methods for synthesis of nanoparticles should be devised for sustainable and green development. The accomplishment of future developments with the aid of nanotechnology requires a sustainable approach that can minimize the involvement of hazardous substances and can carefully integrate the future technology with clean environment. The efforts can be approached by identifying and utilizing ''green synthesis methods'' that correlate in providing higher efficacy of chemical processes with the help of natural, nontoxic and environmental benign solvents [7] .
Silver nanoparticles (Ag NPs) are classified metal nanoparticles with distinctive properties such as strong biological activity, good catalytic ability and excellent electrical and optical properties [8] . The unique properties of Ag NPs have promoted their incorporation into products that range from photovoltaics [9, 10] , optical sensors [11] and conductive inks [12] to medicine [12, 13] . Silver, both at micro and nanoscale, has been known for its excellent antimicrobial action against a broad spectrum of microorganisms [14, 15] . Nanosized silver particles offer a more pronounced antimicrobial action owing to their large surface-to-volume ratio, providing greater interaction with microbial cells and surprisingly decreased toxicity to human beings [16] [17] [18] [19] . This potential of Ag NPs can be utilized in management and controlling of animal and plant pathogens in a relatively safer way compared to synthetic antibiotics and fungicides.
Stable silver nanoparticles can be synthesized by chemical methods such as chemical reduction, electrochemical techniques and photochemical reduction [8, 20, 21] . Recently, the green synthesis approach to fabricate silver nanoparticles has gained interest, owing to its environment friendly aspect. These methods include polyoxometalates method [22] , polysaccharide method [23] , Tollens method [24] , irradiation method [25] and biological approaches [26] [27] [28] . Among these, the plant-mediated synthesis provides more efficient technique compared to other available methods, as it involves the use of environmental friendly solvents, is cost effective, can easily be scaled up and does not involve complex thermodynamic conditions during the synthesis. The extracts from different plant species, such as Azadirachta indica [29] , Aloe vera [30] , Medicago sativa [31] , and Desmodium triflorum [32] , are being used for the synthesis of silver nanoparticles with varied size, shapes and morphologies. The characteristic features of these nanoparticles are strongly influenced by the experimental conditions as well as the kinetics of interaction of metal ions with reducing agents. In chemical method for synthesis of silver nanoparticles, the effect of ammonia has been studied and proven to act as a stabilizer for silver nanoparticles. Ammonia plays a key role in synthesis of silver nanoparticles which has been used as a stabilizer in the present study [33] .
The present study highlights the controlled synthesis of silver nanoparticles from Allium cepa and Musa acuminata extracts in ammonia stabilized conditions. The role of different process parameters, such as pH, temperature and time, has been emphasized with control in the kinetics of interaction of metal ions with reducing agents aided by ammonia. This control mechanism can provide a solution to polydispersity and higher size range on silver nanoparticles obtained from plant extracts. Further, the antimicrobial activity of silver nanoparticles is studied against Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis and Fusarium oxysporum. Antifungal activity of silver nanoparticles against F. oxysporum infecting growing seedling of Vigna radiata and Ceci neri has been investigated ex vivo.
Materials and methods

Materials
Silver nitrate (AgNO 3 ), purchased from S.D. fine chemicals ltd., India, was used as a source of silver. Ammonia solution (30 %, NH 3 ÁH 2 O) was purchased from Loba chemicals, India. Agar, Luria-Bertani (LB) medium for bacterial cultures and Potato dextrose broth for fungal cultures were obtained from HiMedia chemicals, India. All the chemicals were of analytical grade and were used without further purification. The solutions were prepared using Millipore 
Synthesis of silver nanoparticles
The plant extract was prepared using A. cepa bulb and Musa acuminate leaves. In a typical reaction set, 30 gm of respective plant components was finely chopped and boiled for 2-3 min in 100 ml of distilled water. The extract was filtered by Whatman filter paper and was used for the synthesis of silver nanoparticles. A final volume of 20 ml was prepared by adding 5 mM of silver nitrate (AgNO 3 ), 3 ml of extract and 1 ml of 30 % Ammonia in Millipore Ò water. The procedure followed was a slight variation to the method reported by Chandran et al. [30] for synthesis of gold nanostructures using Aleo vera plant extract. The reaction was performed in dark conditions. The reaction was optimized and stabilized by varying pH, temperature and time conditions during the experiment. The pH was varied from 4 to 12 and temperature was varied from 5 to 50°C. The absorbance spectra were recorded after appropriate time intervals to optimize the optimum time required for the synthesis of Ag NPs. The formation of silver nanoparticles was indicated by the formation of yellowish-brown color of silver nanocolloid.
Antimicrobial activity of silver nanoparticles
For antibacterial and antifungal studies, silver nanoparticles prepared using A. cepa extract at pH 12 32 .10 g/ml of Ag NPs, respectively). The E. coli, B. subtilis, P. aeruginosa and F. oxysporum cells treated with different concentrations of the Ag NPs were incubated at 37°C for 18 h and 28°C for 48 h, respectively. The cells grown in absence of the Ag NPs were taken as the microbial control and the cells grown only in extract were taken as the extract control. To investigate the antimicrobial activity, optical density of the samples was recorded at 600 nm [34] .
Antifungal activity of Ag NPs in agar medium (DAT test)
The direct inhibition of infection by plant pathogen, F. oxysporum on V. radiata (moong dal) and C. neri (black chickpea) in the presence of silver nanoparticles was conducted using dual agar test (DAT) test [35] . In typical procedure, the Petri dish test unit containing 15 ml of agar culture media (10 ml of 0.5 % agar and 5 ml of 0.25 % agar) along with a different concentration of nanoparticles (10, 20, 30, 40 l/ml corresponding to 5.35, 10.7, 16.05, 21.4 g/ml of Ag NPs, respectively) was prepared. Each petridish was inoculated with 50 l/ml of F. oxysporum (10 8 CFU). Further, sterilized seeds were subsequently placed onto the agar and kept for appropriate time in incubator at a temperature of 25°C. The test seeds grown in the absence of the Ag NPs were taken as a microbial control (control 1) and the test seeds grown in absence of F. oxysporum were taken as seed control (control 2). The growth responses of F. oxysporum and growing seedlings were analyzed.
Characterization methods UV-Visible spectra of the silver nanoparticles were observed using a Shimadzu UV-3600 UV-VIS-NIR spectrophotometer in the wavelength range of 200-800 nm. A TECNAI TEM (Fei, Electron Optics) and Hitachi (H-7500) transmission electron microscope (TEM) operating at 200 kV were used to study the morphology and size of the silver nanoparticles. Optical density (OD) measurements were performed at 600 nm using an Elico SL 159 UV-Visible spectrophotometer.
Results and discussion
The aqueous solution of silver nitrate acts as a source of silver ions for the synthesis of silver nanoparticles. The silver ions were reduced to silver atoms by extracts of A. cepa and Musa acuminate which nucleate to form nanocrystallites for growth. The formation of silver nanoparticles was indicated by change in color of the medium from colorless to yellow; yellow color turns to dark brown with an increase in the concentration of silver nanoparticles ( Fig. 1) [36, 37] . The confirmation of synthesis of Ag NPs in colloidal solution was monitored by the presence of surface plasmon resonance (SPR) band in the absorbance spectra recorded by UV-Vis spectrophotometer (shown later). The primary characterization of silver nanoparticles by absorbance spectral studies has proven to be a successful technique for the analysis of metal nanoparticles [38] . A defined sharp band, with absorbance maxima at 401 and 420 nm for silver nanoparticles synthesized by A. cepa and M. acuminata, respectively, confirmed the formation of nanoparticles in colloidal state [39] .
The formation and stabilization of silver nanoparticles by plant extracts are attributed to the ionic or electrostatic interactions between the metal complexes and the organic functional groups including flavonoids, terpenoids, proteins, reducing sugars and alkaloids, present on the biomass surface [40] . The conversion mechanism of enol to ketone group in flavonoids liberates reactive hydrogen which plays a significant role in the reduction of metal ions (Ag ? to Ag 0 ) [35] . A variety of phytochemical compounds, such as quercetin, isorhamnetin and phenols, present in extract of A. cepa, are expected to reduce and cap the metal ions formed in their presence, thereby inducing shape control during metal ion reduction [32, 41] . The major flavonoids and terpenoids identified in M. acuminata, such as Luteolin and Apigenin and corosolic acid, are active reducing species during the synthesis of silver nanoparticles [42] .
The effect of different parameters, including pH, temperature and the reaction time on the formation of silver nanoparticles from plant extract, was analyzed as an important factor in the process of reduction. The optimum time for the synthesis of stable colloid of Ag NPs was analyzed by recording the absorbance spectra of samples withdrawn from the reaction mixture at regular time intervals (Fig. 2) . SPR band formation was indicative after 6 h of start of reaction with a continuous rise till 72 h. A sharp band was successfully achieved at 48 h indicating adequate time for controlled synthesis of Ag NPs.
Significant effect of temperature was observed on the synthesis of silver nanoparticles by A. cepa and M. acuminata. A marked variation in plasmon band intensity was observed at different temperature conditions, 5-50°C (Fig. 3) . A sharp increase in plasmon maxima at 401 nm was recorded with increase in temperature to 40°C, which showed a sharp decrease as the temperature was increased to 50°C. The effect of temperature was also indicated by a deep brown color at 40°C compared to yellow and whitish yellow at other temperature conditions (Fig. 1) . This may be due to favorable reduction and interaction conditions provided by flavonoids and terpenoids in the extract at this particular temperature condition.
Another important parameter during the Ag NPs biosynthesis was pH. The pH of the reaction mixture can significantly alter the reducing conditions of the environment playing a major role in the synthetic procedure. The synthesis of Ag NPs was observed only in high basic conditions at pH 12 and pH 11-12 by A. cepa and M. acuminata (Fig. 4) . This was also observed by the absence of yellowish brown color at lower pH condition that turn out to be completely unfavorable for biosynthesis (not shown).
The size and morphology of Ag NPs synthesized from A. cepa and M. acuminata at 40°C and pH 12 were characterized by TEM. The shape of Ag NPs synthesized by A. cepa extract was spherical with the size ranging in sub-10 nm (Fig. 5a) . The particles exhibited monodispersity and were observed to be free as well as attached with the organic components of A. cepa extract (Fig. 5b) . The Ag NPs synthesized from M. acuminata were also of spherical morphology with slightly higher nanometer range than the above but were monodispersed (Fig. 5c) .
Around 150 particles were analyzed for the calculation of the particle size. The maximum particles were of 1-4 nm with a sharp size distribution ranging between 1 and 10 nm for Ag NPs synthesized by A. cepa extract (Fig. 5d) . The particle size distribution for Ag NPs synthesized from M. acuminata was ranging from 15 to 25 nm. The significant attribute of sharp size distribution is the ''ammonia solution'' added during the synthesis of Ag NPs. Ammonia acts as an entrapment system for free silver ions in the system after the nucleation step, thereby preventing particle growth and the generation of new nuclei. Due to ammonia, the reaction is freezed in the initial stage as the free silver ion is converted to soluble diamine silver (I) complexes, thus preventing the formation of new nuclei and the growth of already formed nanoparticles [33] . This can eventually result in virtually monodisperse silver nanoparticles (Fig. 6) .
As supported by the above characterization and analysis, the Ag NPs synthesized from A. cepa at 40°C and pH 12 were considered as best optimized condition and were chosen for studying the antimicrobial activity against E. coli, B. subtilis, P. aeruginosa and F. oxysporum. The antimicrobial activity of Ag NPs was readily analyzed by conventional minimum inhibitory concentration (MIC) broth assay. The microbial strains inoculated in appropriate growth medium and treated with different concentrations of Ag NPs were incubated for adequate time and optical density was recorded at 600 nm giving direct measure of microbial cell density. For bacterial strains, namely, E. coli, B. subtilis and P. aeruginosa, the growth retarded at Ag NPs concentration of 10.7 lg/ml with complete inhibition at 16.05 lg/ml and further (Fig. 7a) . This indicated a strong antibacterial activity of Ag NPs synthesized by A. cepa with MIC at 16.05 lg/ml. The MIC of Ag NPs synthesized by A. cepa against F. oxysporum was 32.1 lg/ ml (Fig. 7b) . The microbial cells treated with only A. cepa extract showed no growth inhibition, clearly indicating the role of Ag NPs in the inhibition microbial cells. The inhibitory effect of Ag NPs on plant pathogen, F. oxysporum, during the plant growth was evaluated by DAT. The growth of F. oxysporum was analyzed by the presence of white cottony appearance on the growing plant seedling in the agar unit. As evident from Figs. 8 and 9, attack of F. oxysporum on growth of V. radiata and C. neri seedling was completely inhibited in the presence of 
Conclusions
A novel ''green'' approach to synthesis silver nanoparticles from A. cepa and M. acuminata has been optimized. The effect of pH, temperature and time on synthesis of silver nanoparticles is clearly demonstrated from the results. The optimum conditions for synthesis of stable silver nanocolloid are represented to be 40°C at pH 12 for 48 h. The kinetics of the reaction can be controlled by incorporation of appropriate amount of ammonia solution to achieve sub-10 nm particles of silver with narrow size distribution. Strong antibacterial and antifungal activity of silver nanoparticles, synthesized by A. cepa extract, with minimum inhibitory concentration (MIC) of 16.05 and 32.10 lg/ml has been observed. To the best of author's knowledge, the present study first time reports the inhibitory effect of Ag NPs at low concentration of 10.7 lg/ ml on plant pathogen, F. oxysporum ex vivo, during the plant seedling growth evaluated by DAT. The report, therefore, directs the study to be explored for generation of nanoproducts by environmental friendly methods for application in biomedical and agricultural fields.
Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and the source are credited. Fig. 9 Image of growing plant seedling of V. radiata (moong dal) and C. neri (black chickpea) infected by F. oxysporum. a In absence of Ag NPs, b in presence of 5.35 g/ml of Ag NPs, c in presence of 10.7 g/ml of Ag NPs and d in absence of F. oxysporum
